(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP 0 904 774 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
26.03.2003 Bulletin 2003/13 

(21) Application number: 98307523.5 

(22) Date of filing: 16.09.1998 



(51) mt CI 7: A61K7/48, A61K 31/05 



(54) Resorcinol derivatives 

Resorcinderivate 
Derives de resorcinol 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
NLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 23.09.1997 US 59625 P 

(43) Date of publication of application: 
31.03.1999 Bulletin 1999/13 

(73) Proprietor: Pfizer Products Inc. 
Groton, CT 06340-5146 (US) 

(72) Inventor: Hu, Lan 

Dix Hills, New York 11746 (US) 



QQ 

o 
o 

CL 

UJ 



(74) Representative: Hayles, James Richard et al 
Pfizer Limited, 
Patents Department, 
Ramsgate Road 
Sandwich Kent CT13 9NJ (GB) 



(56) References cited: 
EP-A- 0 341 664 
WO-A-91/11119 



EP-A- 0 623 339 
US-A- 5 399 785 



• DATABASE WPI Section Ch, Week 9307 Derwent 
Publications Ltd., London, GB; Class D21, AN 
93-055163 XP002087694 & JP 05 004905 A (POLA 
CHEM IND INC) , 14 January 1993 

♦ PATENT ABSTRACTS OF JAPAN vol. 016, no. 
470 (C-0990), 30 September 1 992 & JP 04 1 6951 1 
A (POLA CHEM IND INC;OTHERS: 01), 17 June 
1992 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 904 774 B1 



Description 



[0001]. The present invention relates to the use of certain resorcinol derivatives as skin lightening agents. 
[0002] The terms "lightening agent" and "depigmentation agent" are used interchangeably throughout this document. 
[0003] Skin color in humans arises from a complex series of cellular processes which are carried out within a unique 
population of cells called melanocytes. Melanocytes are located in the lower part of the epidermis, and their function 
is to synthesize a pigment, melanin, which protects the body from the damaging effects of ultraviolet radiation. 
[0004] When skin is exposed to ultraviolet radiation, such as that contained in sunlight, melanocytes increase their 
synthesis of melanin. Melanin is deposited in melanosomes, which are vesicles found within the cell. The melanosomes 
are extruded from the cell and carried to the surface of the skin by keratin ocytes, which internalize the melanin con- 
taining melanosomes. The end result is that the visible layers of the skin exhibit a brown color typically known as a 
"tan". The darkness of the color observed in the skin is proportionate to the amount of melanin synthesized by melano- 
cytes and transferred to the keratin ocytes. 

[0005] The mechanism by which skin pigmentation is formed, melanogenesis, is particularly complex and schemat- 
ically involves the following main steps: Tyrosine^L-Dopa^Dopaquinone^Dopachrome->Melanins. The first two re- 
actions in this series are catalyzed by the enzyme tyrosinase. The activity of tyrosinase is promoted by the action of 
a-melanocyte stimulating hormone or UV rays to have melanin eventually formed as chromatism in the skin. It is well 
established that a substance has a depigmenting effect if it acts directly on the vitality of the epidermal melanocytes 
where melanogenesis normally occurs and/or if it interferes with one of the stages in melanin biosynthesis. The active 
compounds that are employed in the various methods and compositions of this invention inhibit tyrosinase and thus 
inhibit or decrease melanin biosynthesis. 

[0006] There is a strong demand for agents which enable acquired deposition sites, such as spots or freckles, to be 
restored to a normal skin color. For this purpose, a variety of agents and methods have been developed and put on 
the market. Examples of such methods are (a) a method wherein vitamin C (L-ascorbic acid) having good reducing 
ability is administered orally in large amounts, (b) a method wherein glutathione is administered parenterally; (c) a 
method wherein a peroxide, such as hydrogen peroxide, zinc peroxide, sodium peroxide and the like, which is believed 
to have the bleaching action of melamine, is administered: and (d) a method wherein vitamin C or cysteine is admin- 
istered topically in the form of an ointment, cream, lotion or the like. Vitamin C has a problem with respect to stability 
and becomes so unstable in water-containing systems that they will cause changes in odor and color. Thiol compounds 
such as glutathione and cysteine do not exhibit a satisfactory depigmental effect since the development of the effect 
is very slow. 

[0007] The substances in widest use at the present time as depigmentors are, in particular, hydroquinone and its 
derivatives, particularly its ethers such as hydroquinone monomethyl ether. These compounds, while effective, are 
known to produce side effects, that can be dangerous. Hydroquinone, use of which is limited to a concentration of 2%, 
is both irritating and cytotoxic to the melanocyte. 

[0008] United States Patent 4,526,1 79 refers to certain hydroquinone fatty esters that have good activity and are 
less irritating and more stable than hydroquinone. 

[0009] Japanese Patent Application No. 27909/86 refers to other hydroquinone derivatives that do not have the 
drawbacks of hydroquinone but that have relatively poor efficacy. 

[0010] United States Patent 5,449,518 refers to 2,5-dihydoxyphenyl carboxylic acid derivatives as skin depigmen- 
tation agents. 

[0011] European Patent Application EP 341 t 664A1 refers to certain resorcinol derivatives as tyrosinase inhibitors 
and skin depigmentation agents. 

[0012] The use of topical depigmention agents that have good efficacy and are harmless is particularly desirable for 
treating the following: regional hyperpigmentation caused by melanocyte hyperactivity, such as idiopathic melasma 
occurring either during pregnancy (mask of pregnancy or chloasma) or secondary to estrogen-progesterone contra- 
ception; local hyperpigmentation caused by benign melanocyte hyperactivity and proliferation such as lentigo senilis 
or liver spots; accidental hyperpigmentation such as postlesional photosensitization and scarring; and certain forms 
of leukoderma such as vitiligo where, if the injured skin cannot be repigmented, the residual zones of normal skin are 
depigmented to impart a homogeneous white color to the entire skin. 

[0013] The resorcinol derivatives of formula I, which are defined below and used in the various methods and com- 
positions of this invention, are useful in the treatment of the foregoing dermatological conditions as well as other der- 
matological conditions, some of which are referred to later in this document, for which the subject being treated desires, 
for medicinal or cosmetic purposes, to lighten or reduce the pigmentation of the skin affected by the condition. 
[0014] The resorcinol derivatives of formula I are also useful for the treatment of inflammatory disorders such as 
psoriasis and acne. 
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Summary of Invention 



[0015] The invention relates to the use of 4-cycloalkyl resorcinols having the formula: 




wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (C r C 6 )alkyl or aryl-(C r C 6 )alkyt; OCOR 2 wherein 
20 R2 represents (C r C 6 )alkyl, aryl-(C r C 6 )alkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C r C 6 )alkyl; SR 3 wherein R 3 rep- 
resents hydrogen, (C 1 -C 6 )alkyl, or aryl-(C 1 -C 6 )alkyl; or NHR 1 wherein R 1 is defined as above, 
n is 0 to 3; and 

the dashed line indicates an optional double bond at that position. 
[0016] The present invention also relates to the pharmaceutical^ acceptable acid addition and base salts of com- 

25 pounds of the formula I. The acids which are used to prepare the pharmaceutically acceptable acid addition salts of 
the aforementioned base compounds of this invention are those which form non-toxic acid addition salts, Le., salts 
containing pharmacologically acceptable anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sul- 
fate, bisulfate, phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate, maleate, 
fumarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate, benzenesuffonate, p-toluenesul- 

30 fonate and pamoate [Le., 1 ,1-methylene-bis-(2-hydroxy-3-naphthoate)] salts. 

[0017] The term "alkyl", as used herein, unless otherwise indicated, includes saturated monovalent hydrocarbon 
radicals having straight, branched or cyclic moieties or combinations thereof. 

[0018] The term "aryl", as used herein, refers to phenyl or naphthyl optionally substituted with one or more substit- 
uents, preferably from zero to two substituents, independently selected from halogen, (C r C 6 )alkyl, (C r C 6 ) alkoxy, 
35 amino, (C^C^alkylamino, di-[(C.|-C 6 )alkyl)]amino, nitro, cyano and trifluoromethyl. 

[0019] The term "one or more substituents". as used herein, refers to a number of substituents that equals from one 
to the maximum number of substituents possible based on the number of available bonding sites. 
[0020] The "halogen", as used herein, unless otherwise indicated, include chloro, fluoro, bromo and iodo. 
[0021] Examples of more specific embodiments of the present invention include: 

40 

(a) compounds of the formula I wherein a single bond connects the two carbon atoms at the dashed line; 

(b) compounds of the formula I wherein n is one; 

(c) compounds of the formula I wherein X is hydrogen; 

(d) compounds of the formula I wherein X is hydrogen, methyl or ethyl; 
45 (e) compounds of the formula I wherein n is zero; 

(f) compounds of the formula I wherein n is two; and 

(g) compounds of the formula I wherein X is benzyloxy 



[0022] In a preferred embodiment, the compound of formula I is 4-cyclohexylresorcinol or 4-cyclopentylresorcinol. 
so [0023] The present invention also relates to a topical pharmaceutical composition for lightening skin or reducing the 
pigmentation of skin in a human, comprising an amount of a compound of the formula I, or a pharmaceutically acceptable 
salt thereof, that is effective in lightening skin or reducing the pigmentation of skin, and a pharmaceutically acceptable 
carrier. 

[0024] The present invention also relates to a method of lightening skin or reducing the pigmentation of skin in a 
55 human, comprising administering to said human an amount of a compound of the formula I, or a pharmaceutically 
acceptable salt thereof, that is effective in lightening skin or reducing the pigmentation of skin. 
[0025] The present invention also relates to a topical pharmaceutical composition for inhibiting tyrosinase in a human, 
comprising a tyrosinase inhibiting effective amount of a compound of the formula I, or a pharmaceutically acceptable 
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salt thereof, and a pharmaceutically acceptable carrier. 

[0026] The present invention also relates to a method of inhibiting tyrosinase in a human, comprising administering 
to said mammal a tyrosinase inhibiting effective amount of a compound of the formula I, or a pharmaceutically accept- 
able salt thereof . J V 

[0027] The present invention also relates to a topical pharmaceutical composition for lightening skin or reducing the 
pigmentation of skin in a human, comprising a tyrosinase inhibiting effective amount of a compound of the formula I 
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 

[0028] The present invention also relates to a method of lightening skin or reducing the pigmentation of skin in a 
human, comprising administering to said human a tyrosinase inhibiting effective amount of a compound of the formula 
I, or a pharmaceutically acceptable salt thereof. 

[0029] The present invention also relates to a topical or transdermal pharmaceutical composition for the treatment 
of an inflammatory disorder such as acne or psoriasis in a human, comprising an amount of a compound of the formula 
I, or a pharmaceutically acceptable salt thereof, that is effective in treating such disorder, and a pharmaceutical 
acceptable carrier. ' 

[0030] The present invention also relates to a method of treating inflammatory disorders such as psoriasis and acne 
in a human, comprising administering to said human an amount of a compound of the formula I, or a pharmaceutically 
acceptable salt thereof, that is effective in treating such disorder. 

[0031] The present invention also relates to a topical or transdermal pharmaceutical composition for the treatment 
of an inflammatory disorder such as acne or psoriasis in a human, comprising a tyrosinase inhibiting effective amount 
r °^ o C ° mp0Und ° f the f0rmula '• or a P har ™ceutically acceptable salt thereof, and a pharmaceutically acceptable carrier 
[0032] The present invention also relates to a method of treating inflammatory disorders such as psoriasis and acne 
in a human, comprising administering to said human a tyrosinase inhibiting effective amount of a compound of the 
formula I, or a pharmaceutically acceptable salt thereof. 

[0033] Compounds of formula I may contain chiral centers and therefore may exist in different enantiomeric and 
diastereomenc forms. This invention relates to all optical isomers and all stereoisomers of compounds of the formula 
I and mixtures thereof, and to all pharmaceutical compositions and methods of treatment defined above that contain 
or employ them, respectively. 

[0034] Formula I above includes compounds identical to those depicted but for the fact that one or more hydrogen 
carbon or other atoms are replaced by isotopes thereof. Such compounds may be useful as research and diagnostic 
tools in metabolism pharmacokinetic studies and in binding assays. 

Detailed Description of the Invention 

[0035] The compounds of the formula I may be prepared as described in the following reaction schemes and dis- 
cussion. Unless otherwise indicated, X, n, R1 , R2 and R3 and structural formula I in the reaction schemes and discussion 
that follow are defined as above. 
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SCHEME 4 



(5) or (6) 




I ! 
(X = SR 3 ) (X = NHR 1 ) 



[0036] Reaction schemes 1 through 4 illustrate various methods of synthesizing compounds of the formula I. 
[0037] Referring to Scheme 1 , compounds of the formula I can be formed by heating resorcinol with the appropriate 
cycloalkanol of formula (1) using polyphosphoric acid (PPA) or another suitable acidic catalyst. When PPA is used, the 
reaction is typically carried out using one to three equivalents of the alcohol in neat PPA at a temperature between 
about 100°C and about 160°C, 

[0038] Referring to Scheme 2, the starting material of formula (2) can be obtained by protecting commercially avail- 
able 4-bromoresorcinol. Suitable protecting groups (PG) are methyl (CH 3 ) and benzyl (CH 2 C 6 H 5 ), and can be intro- 
duced by conventional methods that are well known to those of skill in the art. For example, the methyl and benzyl 
protected compounds may be obtained by alkylating 4-bromoresorcinol with two equivalents of methyl iodide or benzyl 
bromide, respectively, and five equivalents of potassium carbonate in an acetone solvent at about room temperature. 
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[0039] Compounds of the general formula (3) are known and may be obtained using conventional methods well 
known to those of skill in the art. Compounds of the formula (4) can be obtained by reaction of compounds of the 
formula (2) and those of the formula (3) under Heck conditions. Specifically, the Heck reaction may be carried out using 
palladium (II) acetate (one mole percent), triphenylphosphine (two mole percent) and triethylamine (one equivalent), 

5 and heating the reaction mixture in a suitable solvent ( e.g. , N,N-dimethylformamide (DMF)) at a temperature from 
about 80°C to about 130°C. Reduction of compounds of the formula (4) with di(isobutyl)aluminum hydride (DIBAL-H) 
gives the corresponding allylic alcohols of formula (5). Hydrogenolysis of alcohols of formula (5), for example, using 
hydrogen gas and a metal catalyst such as palladium-on-charcoal in ethanol at about room temperature, yields the 
saturated analogues of formula (6), which can then be deprotected under suitable conditions to give the correspondent 

10 resorcinols of formula t wherein X is hydroxy. Alternatively, similar deprotection of the allylic alcohols of formula (5) 
yields the corresponding resorcinols of formula I wherein X is hydroxy. 

[0040] Referring to Scheme 3, esterification of compounds of the formula (5) or (6) with an appropriate acyl chloride 
(R 2 COCI) under conventional conditions well known to those of skill in the art, followed by suitable deprotection, gives 
the corresponding compounds of formula I wherein X is OCOR 2 . For example, esterification can be accomplished by 

15 reacting the alcohol of formula (5) or (6) with one equivalent of an acyl chloride and one equivalent of triethylamine in 
dichloromethane at about room temperature. Alkylation of compounds of the formula (5) or (6) with an atkyl iodide (R 1 1) 
in the presence of base (using, for example, one equivalent of sodium hydride and the desired alkylating agent in the 
form of an alkyl chloride, bromide or iodide, in tetrahydrofuran (THF) at about the reflux temperature), using methods 
well known to those of skill in the art, followed by deprotection, gives the corresponding compounds of the formula I 

20 wherein X is OR 1 . 

[0041] Referring to Scheme 4, transformation of the alcohol function in compounds of the formula (5) or (6) into a 
suitable leaving group (L), such as, for example, mesylate, gives the corresponding compounds of formula (7). For- 
mation of the mesylate may be carried out using one equivalent of mesyl chloride and one equivalent of triethylamine 
in dichloromethane at about room temperature. Displacement with a thioalkoxide (for example, by reacting the com- 

25 pound of formula (7) with the appropriate lithium or sodium thioalkoxide in THF at the reflux temperature), and subse- 
quent deprotection using conventional methods well known to those skilled in the art, leads to the corresponding com- 
pounds of formula I wherein X is SR 3 . Alternatively, displacement with an amine, for example, by reacting the compound 
of formula (7) with one equivalent of the appropriate amine of the formula R 1 NH 2 in THF at the reflux temperature, 
followed by deprotection, yields the corresponding compounds of the formula 1 wherein X is NHR 1 . 

30 [0042] Compounds of the formula I wherein X is halogen can be obtained from the corresponding compounds of 
formula (7) by displacement with the appropriate metal halide and subsequent deprotection using conventional methods 
well known to those of skill in the art. 

[0043] The compounds of formula I that are basic in nature are capable of forming a wide variety of different salts 
with various inorganic and organic acids. Although such salts must be pharmaceutically acceptable for administration 

35 to animals, it is often desirable in practice to initially isolate a compound of the formula I from the reaction mixture as 
a pharmaceutically unacceptable salt and then simply convert the latter back to the free base compound by treatment 
with an alkaline reagent and subsequently convert the latter free base to a pharmaceutically acceptable acid addition 
salt. The acid addition salts of the active base compounds of this invention are readily prepared by treating the base 
compound with a substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent medium 

40 or in a suitable organic solvent, such as methanol or ethanol. Upon careful evaporation of the solvent, the desired solid 
salt is readily obtained. 

[0044] Those compounds of formula I that are acidic in nature are capable of forming base salts with various phar- 
maceutically acceptable cations. Examples of such salts include the alkali metal and alkaline earth metal salts and, 
particularly, the sodium and potassium salts. These salts can be prepared by conventional techniques. The chemical 

45 bases that are used as reagents to prepare the pharmaceutically acceptable base salts of this invention are those that 
form non-toxic base salts with the acidic compounds of formula I. Such non-toxic base salts include those derived from 
such pharmaceutically acceptable cations as sodium, potassium, calcium and magnesium, etc. These salts can easily 
be prepared by treating the corresponding acidic compounds with an aqueous solution containing the desired phar- 
maceutically acceptable cations, and then evaporating the resulting solution to dryness, preferably under reduced 

50 pressure. Alternatively, they may also be prepared by mixing lower alkanolic solutions of the acidic compounds and 
the desired alkali metal alkoxide together, and then evaporating the resulting solution to dryness, as described above. 
In either case, stoichiometric quantities of reagents are preferably employed in orderto ensure completeness of reaction 
and maximum yields of the desired final products. 

[0045] Compounds of the formula I and their pharmaceutically acceptable salts (hereinafter "the active compounds 
55 used in this invention") are useful in the treatment of disorders of human pigmentation, including solar and simple 
lentigines (including age/liver spots), melasma/chloasma and postinflammatory hyperpigmentation. Such compounds 
reduce skin melanin levels by inhibiting the production of melanin, whether the latter is produced constitutively or in 
response to UV irradiation (such as sun exposure). Thus, the active compounds used in this invention can be used to 
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reduce skin melanin content in non-pathological states so as to induce a lighter skin tone, as desired by the user They 
can also be used in combination with skin peeling agents (including glycolic acid or trichloroacetic acid face peels) to 
lighten skin tone and prevent repigmentation. 

[0046] The active compounds used in this invention can also be used in combination with sunscreens (UVA or UVB 
blockers) to prevent repigmentation, to protect against sun or UV-induced skin darkening or to enhance their ability to 
reduce skin melanin and their skin bleaching action. Such compounds can also be used in combination with retinoic 
acid or its derivatives or any compounds that interact with retinoic acid receptors and accelerate or enhance the in- 
vention's ability to reduce skin melanin and skin bleaching action. 

[0047] The active compounds used in this invention can also be used in combination with ascorbic acid, its derivatives 
and ascorbic-acid based products (such as magnesium ascorbate) or other products with an anti-oxidant mechanism 
(such as resveratrol) which accelerate or enhance their ability to reduce skin melanin and their skin bleaching action 
[0048] This invention relates both to methods of lightening or reducing the pigmentation of skin in which the compound 
of formula I, or pharmaceutical^ acceptable salt thereof, and one or more of the other active ingredients referred to 
above are administered together, as part of the same pharmaceutical composition, as well as methods in which they 
are administered separately as part of an appropriate dose regimen designed to obtain the benefits of the combination 
therapy. The appropriate dose regimen, the amount of each dose administered, and specific intervals between doses 
of each active agent will depend upon the specific combination of active agents employed, the condition of the patient 
being treated, and the nature and severity of the disorder or condition being treated. Such additional active ingredients 
will generally be administered in amounts less than or equal to those for which they are effective as single topical 
therapeutic agents. The FDA approved dosages for such active agents that have received FDA approval for adminis- 
tration to humans are publicly available. 

[0049] The active compounds of the present invention are generally administered in the form of pharmaceutical 
compositions comprising at least one of the compounds of the formula (I), together with a pharmaceutical^ acceptable 
vehicle or diluent Such compositions are generally formulated in a conventional manner utilizing solid or liquid vehicles 
or diluents as appropriate for topical administration, in the form of solutions, gels, creams, jellies, pastes, lotions oint- 
ments, salves and the like. 

[0050] Examples of vehicles for application of the active compounds of this invention include an aqueous or water- 
alcohol solution, an emulsion of the oil-in-water or water-in-oil type, an emulsified gel, or a two-phase system Prefer- 
ably, the compositions according to the invention are in the form of lotions, creams, milks, gels, masks microspheres 
or nanospheres, or vesicular dispersions. In the case of vesicular dispersions, the lipids of which the vesicles are made 
can be of the ionic or nonionic type, or a mixture thereof. 

[0051] In the depigmenting compositions according to the present invention, the concentration of the active com- 
pounds of the invention is generally between 0.01 and 10%, preferably between 0.1 and 10%, relative to the total 
weight of the composition. 

[0052] The compositions of this invention can optionally also contain a moistener, a surfactant, keratolytic, an anti- 
inflammatory agent, a complexing agent, an antioxidant, a preservative, a fragrance, or a sunscreen. 
[0053] The ability of compounds of the formulae I to inhibit tyrosinase may be determined using any of the following 
procedures. 

1 . Tyrosinase (DOPA oxidase) assay using cell lysate: 

[0054] Human melanoma cell line, SKMEL 1 88 (licensed from Memorial Sloan-Kettering), is used in the cell lysate 
assay and the screen. In the assay, compounds and L-dihydroxyphenylalanine (L-DOPA) (100 ug/ml) are incubated 
with the cell lysates containing human tyrosinase for 8 hours before the plates are read at 405 nm. Potency of the 
compounds in DOPA oxidase assay is correlated very well with that in tyrosine hydroxylase assay using 3H-tyrosine 
as a substrate. 4-Cyclohexylresorcinol, when tested in this assay, exhibited an IC 50 of 0.3 nM. 

2. Melanin assay in human primary melanocytes: 

[0055] Compounds are incubated with human primary melanocytes in the presence of a-melanocyte stimulating 
hormone (a-MSH) for 2-3 days. Cells are then lysed with sodium hydroxide and sodium dodecyl sulfate (SDS) and 
melanin signals are read at 405 nm. Alternatively, "C-DOPA is added to the cells in combination with tyrosinase in- 
hibitors and acid-insoluble i+C-melanin is quantitated by a scintillation counter. IC 50 's reflect the inhibitory potency of 
the compounds in the new melanin synthesis which was stimulated by a-MSH. 

3. Tyrosine kinase assay (TK): 

[0056] TK assays can be performed using purified tyrosine kinases domain of c-met, erb-B2, or IGF-r. A specific 
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antibody against phosphorylated tyrosine residue is used in the assay. Colorimetric signals are generated by horse 
radish peroxidase, which is conjugated to the antibody. 



4. Human skin equivalent model : 

5 

[0057] A mixture of human melanocytes and keratinocytes is grown in an air-liquid interphase. This tissue culture 
forms a three dimensional structure that histologically and microscopically resembles the human skin epidermis. Test 
compounds are added on top of the cells to mimic topical drug application. After incubation with the compounds (10 
|xM) for 3 days, the cells are washed extensively and lysed for DOPA oxidase assay. 

10 

5. IL-1 assay (lnterleukin-1 assay): 

[0058] An IL-1 a ELISA assay (R&D system) can be used to evaluate the effect of compounds on IL-1 secretion in a 
human skin equivalent model. IL-1 a is a pro-inflammatory cytokine and plays a role in UV-induced skin inflammation. 

15 

6. In vivo study: 

[0059] Black or dark brown guinea pigs with homogeneous skin color can be used in this study. A solution of the test 
compound of formula I (5% in ethanokpropylene glycol, 70:30) and the vehicle control are applied to the animals twice 
20 daily, 5 days per week for 4-8 weeks. Using this assay, depigmentation of skin was visualized using 5% 4-cyclohexy- 
Iresorcinol or 5% 4-cyclopentylresorcinol as the test compound. 

[0060] The present invention is illustrated by the following examples. It will be understood, however, thatthe invention 
is not limited to the specific details of these examples. Melting points are uncorrected. Proton nuclear magnetic reso- 
nance spectra ( 1 H NMR) were measured for solutions in d 6 - DMSO and peak positions are expressed in parts per 
25 million (ppm) downfield from tetramethylsilane (TMS). The peak shapes are denoted as follows: s, singlet; d, doublet; 
t, triplet; q, quartet, m, multiplet, b, broad. 

EXAMPLES 

30 Example 1 

4-Cyclohexylresorcinol 

[0061] Resorcinol (2.2 g, 20 mmol) and cyclohexanol (6.33 ml, 6g, 60mmol) were suspended in 85% polyphosphoric 
35 acid (8 ml). The mixture was heated to 125°C for 24 hours, after which time TLC appeared to show complete con- 
sumption of the starting materials. On cooling the mixture was partitioned between water (50 ml) and diethyl ether (50 
ml). The aqueous layer was discarded, and the organic portion extracted with sodium hydroxide solution (2 x 50 ml, 
2M). The base extract was washed with ether (3 x 50 ml), and then acidified with aqueous hydrochloric acid (120 ml, 
2M). The organic components were then extracted into diethyl ether (2 x 50 ml), dried (magnesium sulfate), filtered 
40 and the solvent removed under reduced pressure. The resulting brown oil was then chromatographed on silica gel, 
eluting with ethyl acetate/petroleum ether (bp 60-80°C) 1 :2 to give the desired product as an off-white solid (1 .7 g, 44%). 
[0062] 1 H NMR (250 MH 2 , d 6 -DMSO): 51.13-1 .34 (5H, m); 1 .65-1 .71 (5H, m); 2.67-2.75 (1 H, m); 6.11 (1 H, dd J=8.3, 
2.4 H 2 ); 6.22 (1H, d, J=2.4 H 2 ); 6.79 (1H, d, J=8.3 H z ); 8.90 (1H, s); 9.00 (1H, s). 
[0063] M/Z (ES-ve) gives 191.5 (M-H). 
45 [0064] The following compounds were prepared in a similar manner: 

Example 2 

4-Cyclopentylresorcinol. 

50 

[0065] From cyclopentanol as a white solid. 

[0066] 1 H NMR (250 MHz, d 6 -DMSO): d 1 .34-1 .75 (6H, m); 1 .78-1 .88 (2H, m); 3.06 (1 H, quint, J = 9.5 Hz); 6,12 (1 H, 
dd, J- 2.4, 8.2 Hz); 6.22 (1H, d, J= 2.4 Hz); 6.83 (1H, d, J= 8.3 Hz); 8.91 (1H, s); 9.01 (1H, s). 
[0067] M/Z (ES-ve) gives 1 77.5 (M-H). 

55 
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Example 3 

4-(1-Methyl-1-cyclopentyl)resorcinol. 

[0068] From 1 -methylcyclopentanol as a solid. 

[0069] 1H NMR (400 MHz, CDCI 3 -MeOH): d 1.31 (3H, s); 1 .74-1.89 (4H, m); 1.94-2.03 (4H, m); 6.33-6.34 (1H, m); 
6.39 (1H, dd, J- 2.5, 8.4 Hz); 7.1 0 (1 H, m). 
[0070] M/Z (ES-ve) gives 1 91 .6 (M-H). 

Example 4 

4-(1 -Methyl-1 -cyclohexyl)resorcinol, 

[0071] From 1 -methylcyclohexanol as an orange oil. Data reported for a 1 :1 mixture of conformers. 

[0072] 1H NMR (250 MHz, d 6 -DMSO); d 1.20-1.80 (9H, m); 1.97 (3H, s); 2.60-3.00 (1H, m); 6.10-6.14 (1H, m); 

6.22-6.70 (1H, m); 6.67-6.85 (1H, m); 8.89-8.90 (1H, m); 8.98-9.02 (1H, m). 

[0073] M/Z (ES-ve) gives 41 1 .6 (2M-H). 

Example 5 

4-Cycloheptyiresorcinol, 

[0074] From cycloheptanol as an orange oil. Data reported for a 1 :1 mixture of conformers. 

[0075] 1H NMR (250 MHz, d 6 -DMSO): d 1.30-1.80 (12H, m); 2.60-2.90 (1H, m); 6.08-6.13 (1H, m); 6.20-6.22 (1H, 
m); 6.78-6.88 (1H, m); 8.86-8.87 (1H, m); 8.89-8.98 (1H, m). 
[0076] M/Z (ES-ve) gives 205.5 (M-H). 

Example 6 

4-Cyclooctylresorcinol. 

[0077] From cyclooctanol as an orange oil. Data reported for a 1 :1 mixture of conformers. 

[0078] 1H NMR (250 MHz, d 6 -DMSO): d 1.20-1.80 (14H, m); 2.68-3.00 (1H, m); 6.09-6.15 (1H, m); 6.21-6.23 (1H, 
m); 6.73-6.84 (1H, m); 8.80-8.83 (1H, m); 8.90-9.00 (1H, m). 
[0079] M/Z (ES-ve) gives 21 9.6 (M-H). 

Example 7 

In Vivo Test Data 

[0080] In vivo experiments were carried out to determine the depigmenting effects of 4-cyclohexylresorcinol and 
4-cyclopentylresorcinol using the assay described above (in vivo study). Thus, 5% 4-cyclohexylresorcinol and 5% 
4-cyclopentylresorcinol, each in ethanoi:propylene glycol (70:30), were administered separately to the ears of black 
guinea pigs. Depigmentation was determined by subtracting the light reflectance of untreated ears from the light re- 
flectance of treated ears. As shown by the data in the Table below, both test compositions reduced pigmentation in 
treated ears starting 3 weeks after initial treatment The depigmentation effect was reversible, and repigmentation par- 
tially resumed one week after ceasing treatment. 
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TABLE 



Depigmentation Effect Of Selected Compounds 8 


Animal 


3-week 


6-week 


8.5 week 


1 week post- 










treatment 


4-cyclohexylresorcinol 










1A 


13 


8 


6 




1B 


0 


0 


7 


1 


1C 


14 


14 


19 


* 


1D 


3 


7 


7 


0 


4-cyclopentylresorcinol 










3B 


15 


12 


10 


6 


3C 


9 


9 


18 


* 


3D 


4 


9 


7 


* 



a Depigmentation was determined by A light reflectance, which is calculated as (light reflectance of treated ear) * (light reflectance of untreated ear). 
Positive value indicates depigmentation effect. 
* euthanized 



Claims 



25 1 . A topical pharmaceutical composition for lightening skin or reducing the pigmentation of skin in a human, comprising 
an amount of a compound of the formula I, 



30 



35 



40 




wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (C r C 6 )alkyl or aryKC-j-C^alkyl; OCOR 2 
wherein R 2 represents (C 1 -C 6 )alkyl, aryl-(C.,-C 6 )aIkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C r C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (Cj-C^alkyl, or aryl-(C r C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 

or a pharmaceutically acceptable salt thereof, that is effective in lightening skin or reducing the pigmentation 
of skin, and a pharmaceutically acceptable carrier. 

2. The topical pharmaceutical composition of claim 1 , wherein the compound of formula I is 4-cyclohexylresorcinol. 

3. The topical pharmaceutical composition of claim 1 , wherein the compound of formula I is 4-cyclopentylresorcinol. 

4. A non-therapeutic method of lightening skin or reducing the pigmentation of skin in a human, comprising admin- 
istering to said human an amount of a compound of the formula I, 



13 



EP 0 904 774 B1 



OH 




X 



wherein X is hydrogen; OR1, wherein R1 represents hydrogen, (C r C 6 )alkyl or aryl-(C 1 -C 6 )alkyl' OCOR2 
wherein R2 represents (C r C 6 )alkyl, aryl-(C r C 6 )alkyl or phenyl; halogen; (Chalky!; aryl-fCVCgJalkyl- SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-tC^CeJalkyl; or NHR 1 wherein R1 is defined as above- 

n is 0 to 3; and 

the dashed line represents an optional double bond; 

or a pharmaceutically acceptable salt thereof, that is effective in lightening skin or reducing the piqmentation 
of skin. 

5. The method of claim 4, wherein the compound of formula I is 4-cyclohexylresorcinol. 

6. The method of claim 4, wherein the compound of formula I is 4-cyclopentylresorcinol. 

7. A topical pharmaceutical composition for inhibiting tyrosinase in a human, comprising a tyrosinase inhibiting ef- 
fective amount of a compound of the formula I, 




wherein X is hydrogen; OR\ wherein R' represents hydrogen, (C 1 -C e )alkyl or aryHq-C^alkyl; OCOR2 
wherein R2 represents (Chalky!, aryl-^-CeJalkyl or phenyl; halogen; (C^^alkyl; aryl-fCVCsJalkyl SR 3 
wherein R 3 represents hydrogen, (C^ -C 6 >alkyl, or aryl-fC^CsJatkyl; or NHR 1 wherein R1 is defined as above- 

n is 0 to 3; and 

the dashed line represents an optional double bond; or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 

The topical pharmaceutical composition of claim 7, wherein the compound of formula I is 4-cyclohexylresorcinol. 

. The topical pharmaceutical composition of claim 7, wherein the compound of formula I is 4-cyclopentylresorcinol. 

0. A non-therapeutic method of inhibiting tyrosinase in a human, comprising administering to said mammal a tyrosi- 
nase inhibiting effective amount of a compound of the formula I, 
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OH 




OH 




( )„ 



wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (Cj-C^alkyl or aryt-(C,-C 6 )alkyl; OCOR 2 
wherein R 2 represents (C r C 6 )alkyl, aryl-fC^C^alkyl or phenyl; halogen; (C^CgJalkyl; aryl-(C.,-C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyt, or aryl-(C r C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 
or a pharmaceuticatly acceptable salt thereof. 

11. The method of claim 10, wherein the compound of formula I is 4-cyclohexylresorcinol. 

12. The method of claim 10, wherein the compound of formula i is 4-cyclopentylresorcinol. 

1 3. A topical pharmaceutical composition for lightening skin or reducing the pigmentation of skin in a human, comprising 
a tyrosinase inhibiting effective amount of a compound of the formula I, 



wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (C r C 6 )alkyl or aryl-JC^CeJalkyl; OCOR 2 
wherein R 2 represents (C.,-C 6 )alkyl, aryl-(C.|-C 6 )alkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C 1 -C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C.|-C 6 )alkyl, or aryl-(C.,-C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 

or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 

14. The topical pharmaceutical composition of claim 1 3, wherein the compound of formula I is 4-cyclohexylresorcinol. 

1 5. The topical pharmaceutical composition of claim 1 3, wherein the compound of formula I is 4-cyclopentylresorcinol. 

16. A non-therapeutic method of lightening skin or reducing the pigmentation of skin in a human, comprising admin- 
istering to said human a tyrosinase inhibiting effective amount of a compound of the formula I, 



OH 




OH 



X 
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OH 




wherein X is hydrogen; OR\ wherein R1 represents hydrogen, (C r C 6 )alkyl or aryl-(C r C 6 )alkyt- OCOR2 
wherein R* represents (C r C 6 )alkyl, aryl-(C r C 6 )alkyl or phenyl; halogen; (C r C 6 )alkyi; aryl-(C r C 6 )aikyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-fC^CgJalkyl; or NHR 1 wherein Ri is defined as above- 

n is 0 to 3; and 

the dashed line represents an optional double bond; 
or a pharmaceutically acceptable salt thereof. 

17. The method of claim 16, wherein the compound of formula I is 4-cyclohexylresorcinol. 

18. The method of claim 16, wherein the compound of formula I is 4-cyclopentylresorcinol. 

19. A composition according to claim 1 , which further comprises a sunscreen. 

20. A composition according to claim 1 , further comprising resveratrol or another active agent that is an anti-oxidant. 

21 . A composition according to claim 1 1 further comprising retinoic acid or a derivative of retinoic acid. 

22. A composition according to claim 1 , further comprising glycolic acid, trichloroacetic acid or another skin peeling 
agent. a 

23. A composition according to claim 1 , in the form of a lotion, cream or ointment. 

24. A topical or transdermal pharmaceutical composition for treating an inflammatory disorder in a human, comprising 
an amount of a compound of the formula I, 




wherein X is hydrogen; OR\ wherein Ri represents hydrogen, (C r C 6 )alkyl or aryl-(C r C 6 )alkyl; OCOR2 
wherein R2 represents (C r C 6 )alkyl, aryl-(C r C 6 )alkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C r C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-(C r C 6 )alkyl; or NHR 1 wherein Ri is defined as above- 

n is 0 to 3; and 

the dashed line represents an optional double bond; 
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or a pharmaceutical^ acceptable salt thereof, that is effective in treating such disorder, and a pharmaceuti- 
cal ly acceptable carrier. 

25. The composition of claim 24, wherein the compound of formula I is 4-cyclohexylresorcinol. 

26. The composition of claim 24, wherein the compound of formula I is 4-cyclopentylresorcinol. 

27. A non-therapeutic method of treating an inflammatory disorder in a human, comprising administering to said human 
an amount of a compound of the formula I, 



OH 




x 

wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (C|-C 6 )alkyl or aryt-(C 1 -C 6 )alkyl; OCOR 2 
wherein R 2 represents (C^C^alkyl, aryl-fCj-C^alkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C r C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-(C r C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 

or a pharmaceutically acceptable salt thereof, that is effective in treating such disorder. 

28. The method of claim 27, wherein the compound of formula I is 4-cyclohexylresorcinol. 

29. The method of claim 27, wherein the compound of formula I is 4-cyclopentylresorcinol. 

30. A topical ortransdermal pharmaceutical composition for treating an inflammatory disorder in a human, comprising 
a tyrosinase inhibiting effective amount of a compound of the formula I, 



OH 




wherein X is hydrogen; OR 1 , wherein R 1 represents hydrogen, (C r C 6 )alkyl or aryHC^-C^alkyl; OCOR 2 
wherein R 2 represents (C 1 -C 6 )alkyl, aryl-(C|-C 6 )alkyl or phenyl; halogen; (C 1 -C 6 )alkyl; aryl-(C r C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-(C 1 -C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 

or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 
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31. The composition of claim 30, wherein the compound of formula I is 4-cyclohexylresorcinol. 

32. The composition of claim 30, wherein the compound of formula I is 4-cyclopentylresorcinol. 

33. A non-therapeutic method of treating an inflammatory disorder in a human, comprising administering to said human 
a tyrosinase inhibiting effective amount of a compound of the formula I, 



OH 




X 



wherein X is hydrogen; OR 1 , wherein Ft 1 represents hydrogen, (C r C 6 )alkyl or aryl-(C r C 6 )alkyl; OCOR 2 
wherein R 2 represents (C r C 6 )alkyl, aryl-(C 1 -C 6 )alkyl or phenyl; halogen; (C r C 6 )alkyl; aryl-(C 1 -C 6 )alkyl; SR 3 
wherein R 3 represents hydrogen, (C r C 6 )alkyl, or aryl-(C r C 6 )alkyl; or NHR 1 wherein R 1 is defined as above; 

n is 0 to 3; and 

the dashed line represents an optional double bond; 
or a pharmaceutically acceptable salt thereof. 

34. The method of claim 33, wherein the compound of formula I is 4-cyclohexylresorcinol. 

35. The method of claim 33, wherein the compound of formula I is 4-cyclopentylresorcinol. 

Revendications 

1 . Composition pharmaceutique topique pour eclaircir la peau ou reduire la pigmentation de la peau chez I'etre hu- 
main, comprenant une quantite d'un compose de formule I, 



OH 




dans laquelle X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halogeno ; alkyle en 
CrC 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(a!kyle en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que d§fini ci-dessus ; 

N represente 0 a 3 ; et 
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la ligne en pointilles represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose, qui est efficace pour eclaircir la peau ou reduire 
de la pigmentation de la peau, et un support pharmaceutiquement acceptable. 

Composition pharmaceutique topique selon la revendication 1 , dans laquelle le compose de formule I est le 4-cy- 
clohexylresorcinol. 

Composition pharmaceutique topique selon la revendication 1 , dans laquelle le compost de formule I est le 4-cy- 
clopentylresorsinol. 

Procede non therapeutique d'eclaircissement de la peau ou de reduction de la pigmentation de la peau chez I'etre 
humain, comprenant I'administration audit etre humain d'une quantite d'un compose de formule I 



OH 




X 

dans laquelle X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C^-Cg ou aryl(alkyle 
en C-j-Cg) ; OCOR 2 ou R 2 represente alkyle en 0-,-Cg, aryl(alkyle en C^Cg) ou phenyle ; halogeno ; aikyte en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C 1 -C 6 , ou aryl(alkyle en C^Cg) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose, qui est efficace pour eclaircir la peau ou reduire 
la pigmentation de la peau. 

Proc^de selon la revendication 4, dans lequel le compose de formule I est le 4-cyclohexylr6sorcinol. 

Proc6d§ selon la revendication 4, dans lequel le compose de formule I est le 4*cyclopentylr6sorcinol. 

Composition pharmaceutique topique pour inhiber la tyrosinase chez I'etre humain, comprenant une quantite ef- 
ficace a inhiber la tyrosinase d'un compose de formule I, 



OH 




OH 



x 

dans laquelle X represente I'hydrogene ; OR 1 , oil R 1 represente I'hydrogene, alkyle en C^-Cg ou aryl(alkyle 
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en C r C 6 ) ; OCOR2 ou R 2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halogeno ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyle en C<-C e ) ■ ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 
N represente 0 a 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose et un support pharmaceutiquement acceptable. 

8. Composition pharmaceutique topique selon la revendication 7, dans laquelle le compose de formule I est le 4-cy- 
clohexylresorcinol. 

9. Composition pharmaceutique topique selon la revendication 7, dans laquelle le compose de formule I est le 4-cy- 
clopentylresorcinol. 

10. Procede non therapeutiqued'inhibition de la tyrosinase chez I'etre humain, comprenant ('administration audit mam- 
mifere d'une quantite efficace a inhiber la tyrosinase d'un compose de formule I, 




dans lequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR2 ou R2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halogeno ; alkyle en 
C r C 6 ; aryl (alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C^Cc, ou arylfalkyle en C.-C^ ■ ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 
ou un sel pharmaceutiquement acceptable d'un tel compose. 

11. Procede selon la revendication 10, dans lequel le compose de formule I est le 4-cyclohexylresorcinol. 

12. Procede selon la revendication 10, dans lequel le compose de formule I est le 4-cyclopentylresorcinol. 

13. Composition pharmaceutique topique pour eclaircir la peau ou reduire la pigmentation de la peau chez I'etre hu- 
main, comprenant une quantite efficace a inhiber la tyrosinase d'un compose de formule I, 
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OH 




X 



dans iequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C y C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halog6no ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C V C G , ou aryl(alkyie en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointings represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose et un support pharmaceutiquement acceptable. 

14. Composition pharmaceutique topique selon la revendication 13, dans laquelle le compose de formule I est le 
4-cyclohexylresorcinol. 

15. Composition pharmaceutique topique selon la revendication 13, dans laquelle le compose de formule I est le 
4-cyclopentylresorcinol. 

16. Procede non therapeutique d'eclaircissement de la peau ou de reduction de la pigmentation de la peau chez I'etre 
humain, comprenant I'administration audit etre humain d'une quantite efficace a inhiber la tyrosinase d'un compose 
de formule I, 



OH 




OH 



X 



dans Iequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C,-C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halogeno ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyte en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointings represente une double liaison facultative ; 
ou un sel phanmaceutiquement acceptable d'un tel compose. 

17. Procede selon la revendication 16, dans Iequel le compose de formule I est le 4-cyclohexylresorcinol. 

18. Procede selon la revendication 16, dans Iequel le compose de formule I est le 4-cyclopentylresorcinol. 
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19. Composition selon la revendication 1 , qui comprend en outre un ecran solaire. 

20. Composition selon la revendication 1 , comprenant en outre du resveratrol ou un autre agent actif antioxidant. 

21. Composition selon la revendication 1, comprenant en outre de I'acide retinoTque ou un derive d'acide retinoTque. 

22. Compose selon la revendication 1 , comprenant en outre de I'acide glycolique, de I'acide trichloroacetique ou un 
autre agent pour le traitement exfoliant de la peau. 

23. Composition selon la revendication 1 . sous la forme d'une lotion, d'une creme ou d'un onguent. 

24. Composition pharmaceutique topique ou transdermique pour le traitement d'un trouble inflammatoire chez I'etre 
humain, comprenant une quantity d'un compose de formule I, 



dans lequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C,-C 6 ) ; OCOR 2 ou R 2 represente alkyle en C,-C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halogeno ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyle en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose, qui est efficace a traiter un tel trouble, et un 
support pharmaceutiquement acceptable. 

25. Composition selon la revendication 24, dans laquelle le compose de formule I est le 4-cyclohexylresorcinol. 

26. Composition selon la revendication 24, dans laquelle le compose de formule I est le 4-cyclopentylresorcinoL 

27. Procede non therapeutique de traitement d'un trouble inflammatoire chez I'etre humain, comprenant I'administra- 
tion audit etre humain d'une quantite d'un compose de formule I, 



OH 




OH 



OH 




OH 
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dans lequel X represente I'hydrogene ; OR 1 , ou R 1 repr£sente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou phenyle ; halog6no ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyle en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 k 3 ; et 

la ligne en pointings represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose, qui est efficace k traiter un tel trouble. 

28. Procede selon la revendication 27, dans lequel le compose de formule I est le 4-cyclohexylresorcinol. 

29. Procede selon la revendication 27, dans lequel le compose de formule I est le 4-cyclopentyiresorcinol. 

30. Composition pharmaceutique topique ou transdermique pour le traitement d'un trouble inflammatoire chez Petre 
humain, comprenant une quantite efficace a inhiber la tyrosinase d'un compost de formule I, 



OH 




X 



dans lequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C r C 6i aryl(alkyle en CyC 6 ) ou phenyle ; halogeno ; alkyle en 
C^Cg ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyle en C r C 6 ) ; ou 
NHR 1 ou R 1 est tel que defini ci-dessus ; 

N represente 0 k 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 

ou un sel pharmaceutiquement acceptable d'un tel compose, et un support pharmaceutiquement acceptable. 

31. Composition selon la revendication 30, dans laquelle le compose de formule I est le 4-cyclohexylr6sorcinol. 

32. Composition selon la revendication 30, dans laquelle le compose de formule I est le 4-cyclopentylresorcinol. 

33. Proced6 non therapeutique de traitement d'un trouble inflammatoire chez I'etre humain, comprenant Padministra- 
tion audit etre humain d'une quantite efficace k inhiber la tyrosinase d'un compose de formule I, 



OH 




23 



EP 0 904 774 B1 



dans lequel X represente I'hydrogene ; OR 1 , ou R 1 represente I'hydrogene, alkyle en C r C 6 ou aryl(alkyle 
en C r C 6 ) ; OCOR 2 ou R 2 represente alkyle en C r C 6 , aryl(alkyle en C r C 6 ) ou ph6nyle ; halog6no ; alkyle en 
C r C 6 ; aryl(alkyle en C r C 6 ) ; SR 3 ou R 3 represente I'hydrogene, alkyle en C r C 6 , ou aryl(alkyle en C r C 6 ) ; ou 
NHR 1 ou R 1 esttel que defini ci-dessus ; 

N represente 0 a 3 ; et 

la ligne en pointilles represente une double liaison facultative ; 
ou un sel pharmaceutiquement acceptable d'un tel compose. 

34. Procede selon ia revendication 33, dans lequel la composition I est le 4-cyclohexylresorcinol. 

35. Procede selon la revendication 33, dans lequei la composition I est le 4-cyclohexylresorcinol. 



Patentanspruche 

1 . Topische pharmazeutische Zusammensetzung zur Hautaufhellung Oder Verminderung der Hautpigmentierung bei 
einem Menschen, die eine Menge einer Verbindung der Formel I 



worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C r C 6 )-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C 1 -C 6 )alkyl Oder Phenyl steht; Halogen; (C r C 6 )Aikyl; AryKC 1 -C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C r C 6 )Alkyl oder Aryl-(C 1 -C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eineoptionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben, die eine Hautaufhellung oder Verminderung der Hautpigmentierung bewirkt, und einen pharmazeutisch 
akzeptablen Trager umfasst. 

2. Topische pharmazeutische Zusammensetzung nach Anspruch 1, wobei die Verbindung der Formel I 4-Cyclohe- 
xylresorcin ist. 

3. Topische pharmazeutische Zusammensetzung nach Anspruch 1 , wobei die Verbindung der Formel I 4-Cyclopen- 
tylresorcin ist. 

4. Nichttherapeutisches Verfahren zur Hautaufhellung oder Verminderung der Hautpigmentierung bei einem Men- 
schen, das das Verabreichen einer Menge einer Verbindung der Formel I 



OH 




OH 
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OH 




worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff , (C r C 6 )-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C r C 6 )alkyl Oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C r C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C^-C^AIky! oder Aryl-(C 1 -C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestricheite Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben, die eine Hautaufhellung oder Verminderung der Hautpigmentierung bewirkt, an den Menschen umfasst. 

5. Verfahren nach Anspruch 4, wobei die Verbindung der Formet I 4-Cyclohexylresorcin ist. 

6. Verfahren nach Anspruch 4, wobei die Verbindung der Formel I 4-Cyclopentylresorcin ist. 

7. Topische pharmazeutische Zusammensetzung zur Hemmung von Tyrosinase bei einem Menschen, die eine zur 
Hemmung von Tyrosinase wirksame Menge einer Verbindung der Formel I 



OH 




X 



worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C r C 6 )-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C r C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; AryKC r C 6 )alkyl; SR 3 . worin R 3 fur 

Wasserstoff, (C r C 6 )Alkyl oder AryHCVC^alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestricheite Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben und einen pharmazeutisch akzeptablen Trager umfasst. 

8. Topische pharmazeutische Zusammensetzung nach Anspruch 7, wobei die Verbindung der Formel I 4-Cyclohe- 
xylresorcin ist. 

9. Topische pharmazeutische Zusammensetzung nach Anspruch 7, wobei die Verbindung der Formel I 4-Cyclopen- 
tylresorcin ist. 

10. Nichttherapeutisches Verfahren zur Hemmung von Tyrosinase bei einem Menschen, das das Verabreichen einer 
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zur Hemmung von Tyrosinase wirksamen Menge einer Verbindung der Formel I 



OH 




OH 



X 



worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C r C 6 )-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C 1 -C 6 )Alkyl, Aryl-(C 1 -C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C 1 -C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C r C 6 )Alkyl Oder Aryl-(C r C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben, an das Saugetier umfasst. 

11. Verfahren nach Anspruch 10, wobei die Verbindung der Formel I 4-Cyciohexylresorcin ist. 

12. Verfahren nach Anspruch 10, wobei die Verbindung der Formel i 4-Cyclopentylresorcin ist. 

13. Topische pharmazeutische Zusammensetzung zur Hautaufhellung oder Verminderung der Hautpigmentierung bei 
einem Menschen, die eine zur Hemmung von Tyrosinase wirksame Menge einer Verbindung der Formel I 



worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C r C 6 )-Alkyl oder Aryl-(C 1 -C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryi-(C r C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C 1 -C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C 1 -C 6 )Alkyl oder Aryl-(C.,-C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder einespharmazeutisch akzeptablen Salzes der- 
selben und einen pharmazeutisch akzeptablen Trager umfasst. 

14. Topische pharmazeutische Zusammensetzung nach Anspruch 13, wobei die Verbindung der Formel I 4-Cyclohe- 
xylresorcin ist. 

15. Topische pharmazeutische Zusammensetzung nach Anspruch 13, wobei die Verbindung der Formel 1 4-Cyclopen- 
tylresorcin ist. 



OH 




n 



OH 
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16. Nichttherapeutisches Verfahren zur Hautaufhellung oder Verminderung der Hautpigmentierung bei einem Men- 
schen, das das Verabreichen einer zur Hemmu ng von Tyrosinase wirksamen Menge einer Verbindu ng der Formel I 



OH 




X 

worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C 1 -C 6 )-Aikyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C 1 -C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-^-^alkyl; SR 3 worin R 3 fur 

Wasserstoff, (C,-C 6 )Alkyl oder Aryl-(C r C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben an den Menschen umfasst. 

17. Verfahren nach Anspruch 16, wobei die Verbindung der Formel I 4-Cyclohexylresorcin ist. 

18. Verfahren nach Anspruch 16, wobei die Verbindung der Formel I 4-Cyclopentylresorcin ist. 

19. Zusammensetzung nach Anspruch 1, die femer einen Sonnenschutz umfasst. 

20. Zusammensetzung nach Anspruch 1 , die ferner Resveratrol oder ein anderes aktives Mittel, das ein Antioxidati- 
onsmittel ist, umfasst. 

21. Zusammensetzung nach Anspruch 1, die femer Retinoesaure oder ein Retinoesaurederivat umfasst. 

22. Zusammensetzung nach Anspruch 1 , die ferner Glykolsaure, Trichloressigsaure oder ein anderes Hautpeeling- 
mittel umfasst. 

23. Zusammensetzung nach Anspruch 1 in Form einer Lotion, Creme oder Salbe. 

24. Topische oder transdermal pharmazeutische Zusammensetzung zur Behandlung einer entzundlichen Erkran- 
kung bei einem Menschen, die eine Menge einer Verbindung der Formel I 
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worin X Wasserstoff; OR 1 , worin R 1 fiir Wasserstoff, (C r C 6 )-Alkyl Oder Aryi-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C r C 6 )alkyl Oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C 1 -C 6 )alkyl; SR 3 , worin R 3 fiir 

Wasserstoff, (C r C 6 )Alkyl oder Aryl-(C r C 6 )alkyl steht; oderNHR 1 , worin R 1 wie im vorhergehenden definiert 1st, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben, die zur Behandlung einer derartigen Erkrankung wirksam ist, und einen pharmazeutisch akzeptablen Tra- 
ger umfasst. 

25. Zusammensetzung nach Anspruch 24, wobei die Verbindung der Formel I 4-Cyclohexylresorcin ist. 

26. Zusammensetzung nach Anspruch 24, wobei die Verbindung der Formel I 4-Cyclopentylresorcin ist. 

27. Nichttherapeutisches Verfahren zur Behandlung einer ent zundlichen Erkrankung bei einem Menschen, das das 
Verabreichen einer Menge einer Verbindung der Formel I 



worin X Wasserstoff; OR 1 , worin R 1 fiir Wasserstoff, (C r C 6 )-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fiir (C r C 6 )Alkyl, Aryl-(C r C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C r C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C r C 6 )Alkyl oder Aryl-(C r C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben, die zur Behandlung einer derartigen Erkrankung wirksam ist, an den Menschen umfasst. 

28. Verfahren nach Anspruch 27, wobei die Verbindung der Formel I 4-Cyclohexylresorcin ist. 

29. Verfahren nach Anspruch 27, wobei die Verbindung der Formel I 4-Cyclopentylresorcin ist. 

30. Topische oder transdermal pharmazeutische Zusammensetzung zur Behandlung einer entzundlichen Erkran- 
kung bei einem Menschen , die eine zur Hemmung von Tyrosinase wirksame Menge einer Verbindung der Formel I 



OH 




OH 



OH 




OH 
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worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (CvCgJ-Alkyl Oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fur (C r C 6 )Alkyl, Aryl-(C 1 -C 6 )alkyl Oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C r C 6 )alkyl; SR 3 , worin R 3 fur 

Wasserstoff, (C.,-C 6 )Alkyl oder Aryl-(C 1 -C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben und einen pharmazeutisch akzeptablen Trager umfasst. 

31. Zusammensetzung nach Anspruch 30, wobei die Verbindung der Formel I 4-Cyclohexylresorcin ist. 

32. Zusammensetzung nach Anspruch 30, wobei die Verbindung der Formel I 4-Cyclopentyiresorcin ist. 

33. Nichttherapeutisches Verfahren zur Behandlung einer entzundlichen Erkrankung bei einem Menschen, das das 
Verabreichen einer zur Hemmung von Tyrosinase wirksamen Menge einer Verbindung der Formel I 



OH 




X 

worin X Wasserstoff; OR 1 , worin R 1 fur Wasserstoff, (C^CgJ-Alkyl oder Aryl-(C r C 6 )alkyl steht; OCOR 2 , worin R 2 

fiir (C r C 6 )Alkyl, Aryl-(C r C 6 )alkyl oder Phenyl steht; Halogen; (C r C 6 )Alkyl; Aryl-(C 1 -C 6 )alkyl; SR 3 worin R 3 fur 

Wasserstoff. (C r C 6 )Alkyl oder Aryl-(C r C 6 )alkyl steht; oder NHR 1 , worin R 1 wie im vorhergehenden definiert ist, 

bedeutet; 

n 0 bis 3 ist; und 

die gestrichelte Linie eine optionale Doppelbindung bedeutet; oder eines pharmazeutisch akzeptablen Salzes der- 
selben an den Menschen umfasst. 

34. Verfahren nach Anspruch 33, wobei die Verbindung der Formel I 4-Cyclohexylresorcin ist. 

35. Verfahren nach Anspruch 33, wobei die Verbindung der Formel I 4-Cyclopentylresorcin ist. 
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